Study design: A cross-sectional study with comparison group. Objectives: To examine the effect of rugby training on the blood antioxidant capacity in able-bodied and wheelchair rugby players with tetraplegia. Setting: Poland. Methods: Four groups of subjects participated in the study: sedentary able-bodied males (group SA, n¼19), sedentary males with tetraplegia (group ST, n¼10), able-bodied rugby players (group RA, n¼22) and wheelchair rugby players with tetraplegia (group RT, n¼14). The activities of superoxide dismutase (SOD), glutathione reductase (GR) and catalase (CAT) were determined in erythrocyte hemolysates, whereas glutathione peroxidase (GPX) activity was determined in whole-blood hemolysates. Concentrations of total antioxidant status (TAS) was determined in plasma. Results: SOD activity was significantly higher in the group SA compared with group ST and group RA. No significant differences occurred within the tetraplegic groups: RT and ST. Resting CAT and GPX activities were significantly higher in both the groups of rugby players than in the respective group of sedentary males. There were no differences in GR activity among all the studied groups. Plasma TAS concentration was higher in both the groups of able-bodied males compared with the respective groups of tetraplegics. The present study is the first to conduct an evaluation of wheelchair rugby training-induced adaptations to oxidative stress in individuals with tetraplegia. Conclusion: Adaptive response to training was similar in both able-bodied and wheelchair rugby players, and it was characterized by increased erythrocyte CAT and GPX activities in resting conditions improving resistance to oxidative stress.
INTRODUCTION
Wheelchair rugby is becoming increasingly popular among individuals with tetraplegia. It can be adapted to a wide range of individual abilities, and combines short intense sessions of exercise over an extended playing time, therefore it can improve aerobic as well as anaerobic capabilities. 1 Rugby is a sport involving frequent bouts of high-intensity exercise interlaced with low-intensity exercise. The physiological demands of rugby are complex, requiring players to develop speed, muscular strength and power, as well as high aerobic power. 2 Thus, it is a sport in which both aerobic and anaerobic energy systems are utilized.
It is well known that regular physical exercise affects antioxidantpro-oxidant balance possibly by reducing reactive oxygen species (ROS) and/or increasing antioxidant activity levels. Exercise-induced adaptations may signal cell protection and possibly decrease the occurrence of diseases associated with oxidative stress. 3 Most of the studies have implicated aerobic exercise as a major cause of increased oxidative stress, but a growing body of evidence shows that highintensity anaerobic exercise can also cause increased production of ROS. 4 It has been suggested that, specifically to anaerobic exercise, oxidative stress is mediated not only through electron leakage from mitochondrial electron-transport chain but also through other pathways, such as xanthine and NADPH oxidase production, phagocytic respiratory burst activity and disruption of iron-containing proteins. 5 There is much evidence that ROS production during exercise can initiate health promoting cell signalling and adaptive processes that results in increased activity of antioxidant enzymes. 6 ROS production in cells is physiologically balanced with the activities of antioxidant systems. Antioxidative defence of the organism includes enzymatic and non-enzymatic systems consisting of antioxidant enzymes, such as superoxide dismutase (SOD; E.C.1.15.1.1.), catalase (CAT; E.C.1.11.1.6.), glutathione peroxidase (GPX; E.C.1.11.1.9.) and glutathione reductase (GR; E.C.1.6.4.2.), as well as the low-molecular endogenous antioxidants, such as reduced glutathione, uric acid and exogenous antioxidants, mainly b-carotene, retinol, vitamin C and a-tocopherol. 7 ROS has an important physiological function in organisms by participating in cellular signalling pathways, initiating cellular senescence and apoptosis, stimulating of antioxidant and repair processes. 3 However, excessive ROS may be involved in a number of diseases, such as atherosclerosis, rheumatic arthritis and cancer, as well as ageing. 8 Spinal cord injury (SCI) impairs the ability of individuals with tetraplegia to perform large muscle mass aerobic exercise. This is caused by the impairment of the function of arms, legs and pelvic organs. The degree of impairment is determined by the neurological level of SCI, however, the physiological and metabolic responses to exercise of athletes with SCI are similar to those for able-bodied athletes but at lower absolute levels. 9 The disturbances in blood flow in individuals with tetraplegia result in ischemia-reperfusion injury associated with increased production of radical oxygen species. 3 It is well known that regular physical activity increases antioxidant capacity as a result of adaptation changes of antioxidant enzyme activities and quite likely a lower ROS during submaximal exercise. 3 Barfield et al. 10 recommend wheelchair rugby as a viable approach to improving cardio-respiratory fitness. There are no data concerning the adaptive effect of blood antioxidant enzymes activity in wheelchair rugby players. Therefore, the aim of the present study was to examine the effect of rugby training on the erythrocyte antioxidant enzymes activity and on antioxidants in plasma in able-bodied and wheelchair rugby players with tetraplegia.
MATERIALS AND METHODS Subjects
Four groups of subjects participated in the study: sedentary able-bodied males (group SA, n¼19), sedentary males with tetraplegia (group ST, n¼10), semiprofessional able-bodied rugby players (group RA, n¼22) and wheelchair rugby players with tetraplegia (group RT, n¼14). A personal questionnaire was completed to obtain the following data: age, height, neurologic motor level, the American Spinal Cord Injury Association (ASIA) impairment scale and training experience. A total of 16 individuals with tetraplegia were classified as having an ASIA A injuries (9 in group ST and 7 in group RT) and 8 ASIA B injuries (4 in group ST and 4 in group RT). The neurological motor level in the group ST was C5 in two individuals (20%), C6 in five individuals (50%) and C7 in three individuals (30%). In the group RT the neurological motor level was C5 in three individuals (22%), C6 in seven individuals (50%) and C7 in four individuals (28%). Group RA had training sessions five times a week (2-3 h per session), whereas the training schedule for group RT was two sessions a week (2-3 h per session). Rugby players refrained from physical exercise for at least 48 h before blood collection. Physical characteristics of all groups are shown in Table 1 . All subjects gave their written consents to participate in the study, which was approved by the local Ethics Committee of the Jó zef Pi"sudski University of Physical Education in Warsaw, according to the Declaration of Helsinki.
Instrumentation
Body mass was measured with use of scale weight type WPT 8.300BC (Radwag, Radom, Poland). Body fat was determined by single-site NIR (Futrex-6100 A/ZL, Futrex Inc., Gaithersburg, MD, USA) as described previously. 11 Each subject sat with his dominant arm relaxed on an examination table, whereas the light wand of the NIR was placed on the biceps muscle at the mid point between the elbow and the shoulder. Then, the body mass index (BMI¼body mass in kg/height in m 2 ) was calculated.
Blood samples were collected in the preprandial state from the antecubital vein into heparinized tubes. Aliquot of the collected blood was centrifuged at 3000 g for 15 min at 4 1C to separate plasma, and the erythrocytes were washed three times with cold saline. Whole blood, erythrocytes and plasma were frozen at À70 1C until assayed.
The activity of SOD was determined in erythrocyte hemolysates incubated with xanthine and xanthine oxidase to generate superoxide radicals, which react with 2-(4-iodophenyl)-5-phenyltetrasodium chloride to form red formazon dye by using commercially available kit (Ransod; Randox, Crumlin, UK). The interassay variability was 4.8%. GPX was determined in whole-blood hemolysates using commercial kit (Ransel; Randox). This assay used an enzyme-coupled reaction and measured the oxidation of NADPH by cumene hydroperoxide as substrate. The inter-assay variability was 4.3%. The activity of GR was assayed in erythrocyte hemolysate incubated with glutathione (GSSG) in the presence of NADPH, which is oxidized to NADP + (commercial kit, Randox). The interassay variability was 3.8%. The activity of CAT was measured in erythrocyte hemolysates using commercially available kit (Oxis, Foster City, CA, USA).
Samples were incubated with H 2 O 2 , peroxidase and chromogen, which originated from quinoneimine dye. CAT activity was read from the standard curve prepared for samples with known activities of this enzyme. For CAT intra-assay coefficient of variation was 5.6%. Plasma total antioxidant status (TAS) was measured using ABTS (2,2¢-anizo-di-[3-ethylbenzthiazoline sulphonate]) incubated with peroxidase and H 2 O 2 to produce the radical cation ABTS + (commercial kit, Randox). Antioxidants in the added sample caused suppression of this coloured product to a degree, which is proportional to their concentration. The inter-assay variability was 3.1%. Hemoglobin concentrations in both whole blood and in erythrocyte hemolysates were determined using Drabkin's method. Enzyme activities were expressed in U mg À1 Hb or U g À1 Hb.
Data analysis
Data were reported as mean values and standard deviations. Shapiro-Wilk's test was used to check the normality of distribution in the data analysis. The Student's t-test for independent data and the Mann-Whitney's U-test were used in cases of normal and non-normal distributions, respectively. The level of significance was set at Po0.05.
RESULTS
Able-bodied rugby players were significantly younger compared with sedentary able-bodied and both sedentary tetraplegics and wheelchair rugby players with tetraplegia ( Table 1 ). The reason for this difference was that the non-disabled rugby players were selected to ensure similar rugby training experience. Body height was significantly higher and body mass and percent of fat content were lower in wheelchair rugby players with tetraplegia (group RT) compared with able-bodied rugby players (group RA). Both sedentary tetraplegics and wheelchair rugby players with tetraplegia were characterized by lower BMI values than the respective able-bodied groups.
In sedentary able-bodied males, SOD activity was significantly higher compared with sedentary males with tetraplegia and ablebodied rugby players; however, in wheelchair rugby players with tetraplegia compared with sedentary individuals with tetraplegia SOD activity was similar ( Table 2) . Activities of CAT and GPX were significantly higher in both groups of rugby players (47.6% and 16.9%, respectively, in RA; 28% and 19.8%, respectively, in RT) than in the corresponding sedentary groups of males. There were no differences in GR activity between groups of able-bodied and tetraplegics. Plasma TAS concentration was higher in both groups of able-bodied males compared with the respective groups of individuals with tetraplegia.
DISCUSSION
It is well documented that regular physical training is associated with adaptive increase of antioxidant enzyme activities and enhanced Effect of rugby training on antioxidative defenses E Hübner-Woźniak et al resistance against oxidative stress 6, 7 and lower production of ROS during submaximal exercise. Increased antioxidant enzyme activities were observed as an effect of both aerobic and anaerobic training. 12 In addition, it is also accepted that interval training, characteristic to team sports, has a similar effect, although the results of studies are often inconsistent. Teixeira et al. 13 demonstrated that erythrocyte SOD activity was higher in kayakers and canoeists, although no statistically significant differences were observed for GPX and GR activities between athletes and sedentary controls. Also Melikoglu et al. 14 discovered that SOD and GPX activities were higher in basketball players than in sedentary men. Finaud et al. 15 stressed that oxidative stress and antioxidant capacity can be modified by magnitude of training loads in team sport such as rugby. Evelson et al. 16 determined that resting SOD activity in well-trained rugby players was higher compared with sedentary men. In the present study, SOD activity was alike in the groups of sedentary individuals with tetraplegia and wheelchair rugby players with tetraplegia but was lower (approximately 20%) in the group of able-bodied rugby players compared with sedentary persons. The lower resting SOD activity in rugby players was somewhat unexpected and had been attributed to a modification of the catalytic site and subsequent inactivation of this enzyme 17 or decreased erythrocyte SOD activity, even 19 days after finishing longlasting exercise. 18 It cannot be excluded that SOD activity was lower in able-bodied rugby players due to insufficient intake of zinc and cooper, which are coenzymes of SOD. GPX activity has been associated with the maximal oxygen uptake attained by specific training, and its increased activity reflects adaptation to the exercise-induced oxidative stress. 19 Activity of GPX was significantly higher in able-bodied and wheelchair rugby players than in respective groups of sedentary persons. These results indicate a similar response to rugby training in both able-bodied and individuals with tetraplegia. Therefore, it can be suggested that rugby training and wheelchair rugby training can raise athlete endurance capacity. In the present study, it was shown that erythrocyte CAT activities were higher in both the groups of rugby players (316.9 U mg À1 Hb in RA and 312.9 U mg À1 Hb in RT) compared with respective sedentary males (214.7 U mg À1 Hb in SA and 244.3 U mg À1 Hb in ST).
Plasma TAS level reflects antioxidant action of various substances, including albumin, uric acid, vitamin C, retinol and a-tocopherol, and depends mainly on nutritional status. 20 The TAS levels in able-bodied sedentary males and able-bodied rugby players were alike but were higher in wheelchair athletes compared with sedentary individuals with tetraplegia. It cannot be excluded that these differences are caused by personal nutritional habits of the participants. The increased TAS concentration in sportsmen compared with sedentary control group has been also shown for canoeists and kayakers. 7 With no data in literature concerning the effect of training on resting blood antioxidant systems in wheelchair rugby players, this study is the first to conduct an evaluation of wheelchair rugby training-induced adaptations to oxidative stress. In the present study, it was shown that adaptive response to training was similar in both able-bodied and wheelchair rugby players, and it was characterized by increased erythrocyte CAT and GPX activities in resting conditions. Nevertheless it is difficult to explain the decreased SOD activity in able-bodied rugby players, and further studies are needed to gain a better understanding of the adaptive response of antioxidant enzymatic systems to rugby training.
Our study, the first attempt to compare resting erythrocyte antioxidant enzymes activity and plasma TAS level in sedentary and rugby-trained individuals with tetraplegia with sedentary and rugbytrained able-bodied males, has some limitations. First, although the commercially available kits are commonly used in research, especially in Europe, it has to be noted that they have not been carefully validated. A second limitation is age difference between groups RA and RT, however, it should not affect our results, because the changes in erythrocyte antioxidant enzyme activates occur at older age (50-60 years).
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